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Table 1. Description of diatom species used in this study.
Surface area to
Species Source Morphology Biovolumen{m3) biovolume

Bellerocheasp. CCMP (#143) Prism on triangle 75 to 150 15t0 2.0
Cylindrotheca closterium CCMP (#1855) Prolated spheroid+ two cylinders 110 to 340 1.1t0o 1.9
Skeletonemasp. Inner shelf, Oregon coast Cylinder two half spheres 500 to 2,000 0.5t0 0.9
Chaetoceros decipiens CCMP (#173) Elliptical prism 1,500 to 9,000 0.3t0 0.7
Odontella longicruris Inner shelf, Oregon coast Elliptical prism 18,000 to 24,000 0.2

(e.g., Smith and Underwood 2000) and against this idea
(e.g., Marahon et al. 2004) point to the fact that this issue
has been difficult to resolve.

In addition to complicating C export estimates and
estimates of C available for trophic transfer, DOM
production is generally not accounted for in field-based
primary production studies (i.e., from satellites,14C uptake
studies, etc.), adding a degree of uncertainty to C budgets
that rely on those types of measurements. Potential
variability in DOM release rates with phytoplankton
growth stage makes use of a single “correction factor” to
account for DOM release unadvisable. Further complica-

tions arise when one considers that there may be species-

specific differences in DOM release rates. If diffusion is
important, then theoretically DOM release rates should be
positively correlated with the surface area to volume
relationship of cells. There is little information in this
regard, although Malinsky-Rushansky and Legrand (1996)
provide some evidence for enhanced release by small
phytoplankton compared to larger phytoplankton. How-
ever, that study, like many other studies on this subject,
involved use of nonaxenic cultures, making interpretation
of C fluxes tenuous at best. Furthermore, the assumption
that size/morphology alone determines DOM release rates
may be an oversimplification, given that it does not take
into account the various life histories of phytoplankton or
ambient environmental conditions. In this study, DOM
and particulate organic matter (POM) production by
axenic cultures of five diatom species was examined. The
fluxes of fresh phytoplankton C and N to these pools were
determined under controlled environmental conditions,
with specific goals of addressing whether there are growth
stage and species-specific differences in these fluxes.

Methods

Diatom cultures—Axenic cultures of three diatom
species, Chaetoceros decipiensCylindrotheca closterium
and Bellerocheasp., were obtained from the Center for the
Culture of Marine Phytoplankton (Table 1). Cultures of
two other species,Odontella longicrurisand Skeletonema
sp., were isolated from inner-shelf surface waters collected
off Oregon during the summer (Table 1). Axenic strains of
these cultures were established through single cell isolations
and transfer to sterile media containing antibiotics.
Cultures were maintained on a 14:10 light:dark cycle at
~205mmol quanta m—2s-1 by eight 40-W cool white
fluorescent bulbs and two full-spectrum aquarium lights.
The fluorescent bulbs were distributed at regular intervals

along the side and top of the incubation chamber such that
light levels were constant throughout the entire volume of
the experimental carboys or bottles. Cultures were grown in
f/40 media at 12C. Release of DOM was studied by two
methods; measurement of bulk DOM accumulation and
tracking 14C-bicarbonate uptake and release as DOC.
Because of the cost and tedious nature of the bulk
measurements, only three species were studied by that
technique. DOM release from all five species was studied
by the 14C tracer technique.

Bulk DOM accumulation experiments—Fhree of the five
diatoms—C. decipiensC. closterium and Bellerocheasp.—
were grown as batch cultures, analogous to coastal bloom
development, for determination of how their bulk organic
matter is partitioned. For each species, triplicate acid-
washed 20-liter polycarbonate Clearboy carboys were filled
with sterile filtered (0.2mm) seawater collected from
Yaquina Bay (Newport, Oregon) on the incoming tide.
Salinities for all experiments were 31-32. After the carboys
were filled with seawater, they were autoclaved and allowed
to cool to 12°C. Nutrients were then added by means of
sterile techniques to achieve-f/40 concentrations. Finally,

a small (~5 mL) inoculum of exponentially growing
culture was added to each carboy 1 d before the start of
experiments, and the carboys were placed under the lights
described above. The carboys were manually mixed twice
daily. Samples were collected daily at 2.5 h before the
beginning of the dark period. To ensure that there was no
bacterial contamination, 5-mL samples were collected at
selected time points (beginning, middle, and end) during
each experiment, fixed with % formalin, stained with
DAPI, and filtered onto 0.2-mm polycarbonate filters. The
filters were examined by epifluorescence microscopy.

Cell counts and biomass measurements were made by
the Utermdohl technique from samples that had been fixed
with 3% Lugol’s solution and settled for 18-24 h immedi-
ately after collection. Size measurements were made on
approximately 25-50 cells from each sample with a cali-
brated ocular micrometer.

Samples for nutrient analyses were gently prefiltered
through combusted GF/F filters into acid-washed 30-mL
HDPE bottles and immediately frozen at —30°C. Samples
were analyzed on a Technicon AA-Il according to standard
wet chemical methods of Gordon et al. (1995). Standard
curves with four different concentrations were run daily at
the beginning and end of each run. Fresh standards were
made before each run by diluting a primary standard with
low nutrient surface seawater. Deionizied water (DIW) was
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used as a blank, and triplicate DIW blanks were run at the
beginning and end of each run to correct for baseline shifts.
Nitrate was determined by subtracting nitrite from nitrate
plus nitrite (NO ;3 + NO ;). Detection limits for NO 5 +
NO , and phosphate were 0.2Inmol L-1 and
0.03mmol L —1, respectively.

Total nitrogen (TN) samples were collected in acid-
washed 30-mL Teflon bottles and immediately frozen at
—30°C until analysis. Organic N was converted to nitrate
by a persulfate wet oxidation method (Libby and Wheeler
1997), and then analyzed with a Technicon AA-II.
Instrument calibration was performed daily by a standard
curve prepared from triplicate digested leucine standards at
three concentrations. Fresh standards were made before
each run by diluting a primary standard with artificial
seawater. Digested artificial seawater was used as a blank,
and the standard curve was corrected for N content of the
blank by determining the concentration of N in the
persulfate solution and then calculating the amount of N
in the artificial seawater. Artificial seawater N content was
estimated as the difference between the blank and
persulfate signals.

Total organic carbon (TOC) samples were collected in
triplicate in acid-washed borosilicate vials with Teflon cap
liners. Each vial contained approximately 5 mL of seawater
that was preserved with 50nL of 90% phosphoric acid.
Samples were stored at room temperature until processing
using the high-temperature catalytic combustion method
on a Shimadzu TOC-5000A analyzer. Standard curves were
run twice daily using a DIW blank and four concentrations
of an acid potassium phthalate solution. Three to five
subsamples were taken from each standard and water
sample and injected in sequence. Variance between
subsamples was=6.8% (mean= 1.2% 6 0.9%). Certified
Reference Material Program (CRMP) deep-water stan-
dards of known TOC concentration were injected in
triplicate at the beginning, middle, and end of every run
to check for baseline shifts. Baseline drift was calculated
from changes in the deep-water concentrations during
a run, and a drift correction was applied to the raw data.
For the C. decipiensand C. closteriumexperiments, average
daily CRMP TOC concentrations (12—00 batch) were 45.3
6 2.2mmol L —1. For the Bellerocheasp. experiment, the
average daily CRMP TOC concentration (05-04 batch)
was 43.26 2.9mmol L —1. The data from each individual
run were normalized to the average daily CRMP TOC
concentration.

Particulate organic carbon (POC) and particulate
nitrogen (PN) were determined from material collected on
precombusted GF/F filters. Depending on the expected
amount of material in a sample, between 50 to 1000 mL of
experimental water was vacuum filtered €27 kPa) onto
precombusted GF/F filters. After filtration, samples were
stored in glass Vacutainers and immediately frozen at
—30°C until laboratory analysis. Samples were processed
within 3—4 months of collection. Filters were fumed with
concentrated HCI to remove inorganic C and dried,
followed by analysis by a Control Equipment Corp.
440HA CHN elemental analyzer calibrated with acetani-
lide. During analysis, filter blanks were run after every 12
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samples. Filter blanks averaged 18.6 2.6 mg C and 0.66
0.8mg N, and these values were subtracted from each
measured value as a blank correction.

Dissolved organic nitrogen (DON) was determined by
subtracting PN and dissolved inorganic nitrogen (DIN)
(NH P, NO; + NO ) from TN (Eq. 1).

DON TN PN DIN a1p

The standard deviation for DON was calculated by
propagation of error by using standard deviations for
TN, PN, and DIN (Bevington 1969). DOC was determined
by subtracting POC values from TOC values (Eq. 2).

DOC TOC POC 02p

The standard deviation for DOC was calculated by
propagation of error by using standard deviations for
TOC and POC (Bevington 1969).

Transparent exopolymer particle (TEP) production was
determined for C. closterium TEP was not quantified for
the other two species because it was not included in our
original sampling regime. However, after DOC dynamics
were found to be dramatically different for C. closterium
than C. decipiens the experiments were rerun forC.
closterium to include TEP (reported here with other
concomitant measurements). TEP were determined from
5-10 mL samples that had been filtered<(27 kPa) onto
0.4mm polycarbonate filters. The filtered samples were
stained with 500mL of prefiltered (through 0.2-mm filter)
0.02% Alcian blue (pH 2.5) for <5 s. Finally, the filters
were rinsed twice with DIW and frozen until analysis.
Sample filters, blank filters, and standard filters were
soaked in 8% H,SO, for 2 h, during which they were
gently agitated three to five times. Standards consisted of
six different concentrations of xanthan gum filtered onto
0.4-mm filters and extracted as above. Absorption of each
extracted sample, blank, or standard was measured
spectrophotometrically at 787 nm.

14C tracer experiments—4C was used to assess POC and
DOC production rates for the five diatom species described
above. For each species, rates were measured over the light
period (14 h) or over the entire light/dark period (24 h) for
cells in the exponential, transition (defined here as the time
period when the diatoms just began to enter stationary
growth; i.e., <1 d after first entering stationary growth), or
stationary growth phases. Dark period rates were de-
termined by subtracting the cumulative light period pro-
duction from the cumulative daily (light/dark) production
and dividing that by the duration of the dark period (10 h).
Under subdued lighting and within 30 min before the start
of the light period, ~5.92 3 10 Bg of NaH4CO,,
previously determined not to contain organic 4C, was
added to each of 12-50-mL acid-washed and DIW-rinsed
transparent polyethylene media bottles containing the
diatom cultures. Coincident with addition of 14C label, an
additional 300-350 mL of culture was collected for de-
termination of dissolved inorganic C concentrations. One
of the 14C-labeled bottles was processed immediately for
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Fig. 1. Growth curves (cells L-1) for three diatom species
used in bulk measurement experiments. Arrows indicate where
nitrate and phosphate were depleted.

determination of specific activity, which involved collection
of a 50-mL subsample and addition of it to 300mL of b-
phenelethylamine in a glass scintillation vial, and finally
addition of 10 mL of scintillation cocktail. Another bottle
was used for a t= 0 blank and was processed immediately
upon addition of the isotope. The additional 10 bottles
were incubated in the light (previously described) or in
darkness and processed after 14 h (light period) or 24 h
(light/dark period).

For processing of the t= 0 and time course samples, a 5-
mL subsample was withdrawn from each bottle under
subdued lighting and gently vacuum filtered through a 0.2-
mm polycarbonate filter. The filtrate and filter from each
were placed in glass scintillation vials, and 100L of 50%
HCl or 1 mL of 10 % HCI was added to the filtrate or filter,
respectively, for removal of dissolved inorganic C. The
samples were exposed to acid for 24 h, and then 15 mL or
10 mL of scintillation cocktail was added to the filtrate or
filter, respectively. Finally, samples were analyzed with
a Wallac 1409 liquid scintillation counter with an internal
guenching curve. Results from the acidified t= 0 samples
showed that inorganic 4C was completely removed
through the acidification process. POC/DOC production
rates were determined by subtracting dark bottle POC/
DOC values (32 per incubation period) from light-exposed
bottle values (33 per incubation period).

Results

Bulk DOM accumulation experiments-All three species
in these experiments grew exponentially until depletion of
N and P, after which growth ceased within 1 d (Fig. 1)C.
closteriumexhibited the highest growth rate, averaging 1.16
6 0.46 d-1, followed by C. decipienswhich averaged 0.95
6 0.58 d-1, and Bellerocheasp., which averaged 0.55
0.35 d-1. Empty frustules, probably resulting from cell
death (lysis), only amounted to 0.5-3.% of live cell
abundances throughout each of the experiments. No
bacterial contamination was found during each of the bulk
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Fig. 2. Concentrations of POC and DOC (nmol L —1) in bulk
measurement experiments for (A)Chaetoceros decipiens(B)
Cylindrotheca closteriumand (C) Bellerocheasp. Also indicated
in (B) is TEP (mg L—* xanthan gum equivalent).

measurement experiments for these species (data not
shown).

POC increased exponentially forC. decipiensuntil ~1 d
after the transition to the stationary growth phase, when
accumulation ceased (Fig. 2A). Likewise, PN increased
exponentially until nutrient depletion, then decreased by
~6.8mmol L -1 by the end of the experiment (Fig. 3A).
During exponential growth, the C:N (mol:mol) of each
day’s newly produced POM averaged 7.5 1.3, similar to
the C:N of the total accumulated POM pool (Fig. 4A).
However, the C:N of the newly produced material that
accumulated during the transition and early stationary
growth phases approached infinitely high values as
expected for carbohydrate accumulation (Fig. 4A). Like-
wise, the C:N of the total accumulated POM pool
increased to 12.16 1.7 in the stationary growth phase
(Fig. 4A). Noticeable accumulation of both DOC and
DON began in the late exponential growth phase and
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amount of TEP that accumulated. Although TEP can
“plug” filters (e.g., Verdugo et al. 2004) and may have
caused a slight overestimation of POC in this study,
possibly leading to the slightly negative DOC values, the
reduction in filtration volumes for the POC measurements
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and DOM measurements using GF/F filters may give
misleading results in terms of the dynamics of those pools.
C. closteriumis known to form blooms in coastal surface
waters and thus its distribution is not limited to the benthos
(e.g., Gilabert 2001). This is probably the case for most

as the cultures became dense suggests should haveother benthic diatom species as well, especially in shallow

minimized the overall contribution of this process to the
DOC decrease. The DOC in the media oBellerocheasp.
also disappeared as POC increased. By the time nutrients
became depleted inBellerocheasp. cultures, the C:N of
newly produced POM approached 15, indicating the
accumulation of a mixture of carbohydrates or lipids and
N-containing compounds. The disappearance of the DOC
coincident with the accumulation of POC suggests that this
species may also be producing TEP-like material that binds
to the background DOC.

In this study, PER averaged~5% for four of five species
tested, and was~21% for C. decipiens Several recent
reviews of PER from the literature indicate that PER
generally averages 5-%5 (e.g., Baines and Pace 1991,
Nagata 2000). Despite the relatively low PER, large
amounts of DOC may still accumulate as phytoplankton
biomass reaches bloom proportions, as demonstrated in the
C. decipiensexperiment. However, these low PER values
and the concomitant DOC fluxes may not be sufficient to
support the C demand of bacteria in many marine
ecosystems (reviewed by Nagata 2000). Hence, although
phytoplankton DOC release is important, other mechan-
isms such as grazer excretion and viral lysis are also
important, and further complicate our understanding of
DOC fluxes in situ.

With respect to nutrient availability, PER remained
relatively constant in nutrient-replete versus nutrient-de-
plete conditions. Recent work by Marafron et al. (2004)
showed that PER is relatively invariant across eutrophic-
oligotrophic environmental gradients, arguing against the
overflow mechanism as being important in marine systems.
However, as demonstrated in our study, this interpretation
may be complicated by the fact that for some species, DOC
may actually be measured as POC. PER values fo€.
closterium and Bellerocheasp. were within the average
ranges previously reported for other diatom species, but it
appears that a significant portion of the DOC that they
produce is measured as POC. As discussed earlier, inclusion
of TEP-C to estimate PER for C. closteriumsuggests that
PER may approach 8% for this and other similar diatom
species in nutrient depleted conditions. This suggests that
the carbohydrate-based “overflow” mechanism may be
more relevant to some species, includingC. closterium
(Alcoverro et al. 2000; Smith and Underwood 2000;
Underwood et al. 2004), and presumablyBellerocheasp.
C. closteriumis commonly found in the benthos and is
known to retain an extracellular polysaccharidic capsule
and also produces copious amounts of extracellular
polysaccharides (Hoagland et al. 1993; Smith and Un-
derwood 2000). These traits are well known to many other
species of diatoms that have some form of benthic life
history (e.g., Smith and Underwood 2000).

Hence, we speculate that in field and culture situations
where these types of diatoms are prevalent, routine POM

coastal systems subjected to wind-driven resuspension (e.g.,
Shaffer and Sullivan 1988). In contrast to results forC.
closterium and Bellerocheasp., it appears that the DOC
release rates and PER estimated fo€. decipiensin this
study may be accurately used to predict bulk DOC
accumulation, despite the fact that this genus of diatoms
is known to produce extracellular polysaccharides (Myk-
lestad 1974, 1977; Corzo et al. 2000). The PER estimated
for Skeletonemasp., 2.5-1@, is also consistent with
previous studies of this species (Myklestad 1974; Granum
et al. 2002) and its DOC appears to be measured as DOC
with separation using GF/F filters (e.g., Biddanda and
Benner 1997). Therefore, we speculate that for some diatom
species, organic matter dynamics studied using either bulk
measurements (with GF/F filters) or14C to measure POC
and/or DOC accumulation rates may be accurate.

It is important to note that our studies were done under
carefully controlled environmental conditions (nutrients,
temperature and light). How do the DOM release
processes described in this study compare to field
situations where different nutrients may limit bloom
growth or where temperature and light conditions
fluctuate? Laboratory and field studies have shown that
as with the N and P limiting conditions here, the release
of a variety of organic compounds (including extracellular
polysaccharides) also occurs under strictly N or P limiting
conditions (e.g., Alcoverro et al. 2000). DOM release
relative to total C fixation has been shown to be relatively
invariant under normal growth temperatures ranging from
5°C to 20°C (Verity 1981). Less clear is the effect of light
conditions on DOM release. The DOM release rate
relative to total C fixed may be increased at extremely
high or low light levels, but under those conditions, the
absolute rate of DOM release will probably be reduced as
a result of reductions in cell growth and photosynthesis
(Zlotnik and Dubinsky 1989). In nature though, phyto-
plankton are exposed to fluctuating, not static, light
conditions. To the best of our knowledge, only one study
has looked at how sudden changes in light intensity may
affect DOM release. Mague et al. (1980) shifted a water
sample collected at 12 m depth in the Gulf of Maine and
incubated at the corresponding light intensity -10% of
surface light intensity) to either higher or lower light
intensities (i.e., from 1-100 of surface light intensity).
Their results were variable and DOC release was only
measured several hours after the shift in light intensity.
Nonetheless, when the phytoplankton were shifted to
100% surface light intensities, extracellular DOM release
was enhanced. Clearly, more work is needed to charac-
terize the impact that fluctuating light (and nutrient)
conditions may have on phytoplankton photosynthesis
and DOM release, particularly over shorter timescales
(i.e., seconds to minutes) than used in the Mague et al.
(1980) study.
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This study highlights the necessity for future work to
determine whether field measurements of POM and DOM are

biased by species-specific differences. The bound or aggre-
gated polysaccharides may have a much different fate than

“true” DOC, both in terms of the potentials for export

through sinking (reviewed by Passow 2002) and in differences 5 "™

in the potential rates of microbial turnover of the poly-

saccharides versus smaller monomeric compounds (e.g.,
Hama et al. 2004). Hence, the relative amount of these

different types of organic matter that are produced during
blooms may significantly affect the C cycle dynamics.

Wetz and Wheeler

Focs, G. E. 1983. The ecological significance of extracellular
products of phytoplankton photosynthesis. Bot. Mar. 26:
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POM/DOM production may be difficult given the likely need
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for time-course measurements during bloom development GRANUM , E., S. Kirkvolp , anD S. M. M vkLesTaD . 2002. Cellular

and because some blooms are dominated by mixtures of

phytoplankton. Nonetheless, it is an important issue that

needs to be addressed because of reliance by many large field

programs (e.g., JGOFS, GLOBEC) and local studies on
separation of DOM from POM using GF/F filters. Contro-

versy has already arisen over these types of measurements

because of the frequent neglect of the DOM adsorption blank
(Moran et al. 1999), and our work adds further complexity to
interpretation of POM/DOM dynamics.

References

ALcoverro, T., E. ConTE, AND L. M azzeLLa . 2000. Production of
mucilage by the Adriatic epipelic diatom Cylindrotheca
closterium (Bacillariophyceae) under nutrient limitation. J.
Phycol. 36: 1087-1095.

ALVAREZ -SaLcapo , X. A., J. Gaco, B. M. Micuez, ano F. F.
Perez. 2001. Net ecosystem production of dissolved organic
carbon in a coastal upwelling system: The Ria de Vigo,
Iberian margin of the North Atlantic. Limnol. Oceanogr. 46:
135-147.

BainEs, S. B.,anp M. L. P ace. 1991. The production of dissolved
organic matter by phytoplankton and its importance to

bacteria: Patterns across marine and freshwater systems.

Limnol. Oceanogr. 36: 1078-1090.

BevingTon , P. R. 1969. Data reduction and error analysis for the
physical sciences. McGraw-Hill.

BiopanbA , B., anp R. Benner. 1997. Carbon, nitrogen, and
carbohydrate fluxes during the production of particulate and
dissolved organic matter by marine phytoplankton. Limnol.
Oceanogr.42: 506-518.

Bugrnsen, P. K. 1988. Phytoplankton exudation of organic
matter: Why do healthy cells do it? Limnol. Oceanogr.33:
151-154.

Corzo, A., J. A. M oriLLO , AND S. Ropricuez. 2000. Production of
transparent exopolymer particles (TEP) in cultures of
Chaetoceros calcitransunder nitrogen limitation. Aquat.
Microb. Ecol. 23:63-72.

Duckiow, H. W., D. A. Purpie, P. J. L. WiLLiams , anp J. M.
Davies. 1986. Bacterioplankton: A sink for carbon in a coastal
marine plankton community. Science232: 865—867.

DucpALE , R. C., aND F. WiLkerson . 1992. Nutrient limitation of
new production in the sea, p. 107-122n P. G. Falkowski and
A. D. Woodhead [eds.], Primary productivity and bio-
geochemical cycles in the sea. Plenum Press.

EnceL, A., anD U. Passow. 2001. Carbon and nitrogen content of
transparent exopolymer particles (TEP) in relation to their
Alcian blue adsorption. Mar. Ecol. Prog. Ser.219:1-10.

and extracellular production of carbohydrates and amino
acids by the marine diatom Skeletonema costatum Diel
variations and effects of N depletion. Mar. Ecol. Prog. Ser.
242:83-94.

Hama, T., K. Y anAGl, AND J. HAama . 2004. Decrease in molecular
weight of photosynthetic products of marine phytoplankton
during early diagenesis. Limnol. Oceanogr49: 471-481.

Hite, J. K., ano P. A, WHeeter. 2002. Organic carbon and
nitrogen in the northern California current system: Compar-
ison of offshore, river plume and coastally upwelled waters.
Prog. Oceanogr.53: 369-387.

HoacLanp , K. D., J. R. Rosowski, M. R. Gretz, anp S. C.
Roemer. 1993. Diatom extracellular polymeric substances:
Function, fine structure, chemistry, and physiology. J. Phycol.
29: 537-566.

ITTEKKOT , V., U. BROCKMANN , W. MIcHAELIS , AND E. T. DEGENS.
1981. Dissolved free and combined carbohydrates during
a phytoplankton bloom in the Northern North Sea. Mar.
Ecol. Prog. Ser.4: 299-305.

Lieey, P. S.,anp P. A, WHEeLer . 1997. Particulate and dissolved
organic nitrogen in the central and eastern equatorial Pacific.
Deep-Sea Res44: 345-361.

Macue, T. H., E. FriBERG, D. J. HuGHEs, aND |. M orris. 1980.
Extracellular release of carbon by marine phytoplankton: A
physiological approach. Limnol. Oceanogr.25: 262—279.

M aLiNskY -RusHAnsky , N. Z., anp C. LecranD . 1996. Excretion
of dissolved organic carbon by phytoplankton of different
sizes and subsequent bacterial uptake. Mar. Ecol. Prog. Ser.
132:249-255.

MARAN ON, E., P. CERMEN O, E. FERNANDEZ, J. RODRIGUEZ, AND L.
ZaBALA . 2004. Significance and mechanisms of photosynthetic
production of dissolved organic carbon in a coastal eutrophic
ecosystem. Limnol. Oceanogr49: 1652-1666.

MARrGALEF , R. 1978. Life-forms of phytoplankton as survival
alternatives in an unstable environment. Oceanol. Actal:
493-509.

M EeNDEN -DEUER, S., anD E. J. LeEssarp. 2000. Carbon to volume
relationships for dinoflagellates, diatoms, and other protist
plankton. Limnol. Oceanogr. 45: 569-579.

MoraN, S. B., M. A. CHARETTE , S. M. Pike, aND C. A. WICKLUND .
1999. Differences in seawater particulate organic carbon
concentration in samples using small- and large-volume
methods: The importance of DOC adsorption to the filter
blank. Mar. Chem. 67: 33—42.

MykLesTAD , S. 1974. Production of carbohydrates by marine
planktonic diatoms. I. Comparison of nine different species in
culture. J. Exp. Mar. Biol. Ecol. 15: 261-274.

. 1977. Production of carbohydrates by marine planktonic

diatoms. Il. Influence of the N/P ratio in the growth medium

on the assimilation ratios, growth rate and production of



